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(54)  Joint mechanism and robot

(57) A joint mechanism (3) includes a motor (4) in-
cluding a motor shaft (41) and a hypoid pinion (61) pro-
vided at a tip end of the motor shaft (41) and a speed
reducer (5) configured to reduce a rotation speed of the
motor (4) at a speed reduction ratio. The speed reducer
(5) includes a screw-shaped input shaft (51) and a ring-
shaped gear (52) meshing with the screw-shaped input
shaft (51) and three-dimensionally intersecting the

screw-shaped input shaft (51) at a right angle. Further,
the screw-shaped input shaft (51) includes a shaft body
(51b)provided with a screw portion (51a) and a hypoid
gear (62) arranged at one end of the screw-shaped input
shaft (51)and configured to mesh with the hypoid pinion
(61). Furthermore, the screw-shaped input shaft (51) has
an axis three-dimensionally intersecting the motor shaft
(41) at a right angle.
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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] An embodiment disclosed herein relates to a
joint mechanism and a robot.

Description of the Related Art

[0002] Conventionally,thereisavailable arobotinclud-
ing an arm unit and a wrist unit in which links are rotatably
connected to each other. In this robot, for example, the
shafts of the links are made hollow such that a cable or
the like can be arranged within the arm unit.

[0003] Asanexample of joint mechanisms for rotatably
interconnecting the hollow shafts, there is known a joint
mechanism in which bevel gears are used as a power
delivery mechanism for delivering the power of a motor
(see, e.g., Japanese Patent Application Publication No.
H08-229874).

[0004] However, when the aforementioned conven-
tional configuration is applied to a joint mechanism pro-
vided with a speed reducer, it is difficult to sufficiently
increase the diameters of hollow portions of the link
shafts. Moreover, in case of a gear drive mechanism us-
ing bevel gears, a backlash grows larger. This makes it
difficult to accurately operate the links.

SUMMARY OF THE INVENTION

[0005] In view of the above, an embodiment disclosed
herein provides a joint mechanism and a robot which are
capable of sufficiently increasing the diameters of hollow
portions of links having hollow shafts and capable of re-
ducing a backlash.

[0006] In accordance with an aspect of the embodi-
ment disclosed herein, there is provided a joint mecha-
nism, including: a motor including a motor shaft and a
hypoid pinion provided at a tip end of the motor shaft;
and a speed reducer configured to reduce a rotation
speed of the motor at a speed reduction ratio. Further,
the speed reducer includes a screw-shaped input shaft
and a ring-shaped gear meshing with the screw-shaped
input shaft and three-dimensionally intersecting the
screw-shaped input shaft at a right angle, the screw-
shaped input shaft includes a shaft body provided with a
screw portion and a hypoid gear arranged at one end of
the screw-shaped input shaft and configured to mesh
with the hypoid pinion, and the screw-shaped input shaft
has an axis three-dimensionally intersecting the motor
shaft at a right angle.

[0007] Withthe embodimentdisclosed herein, itis pos-
sible to provide a joint mechanism and a robot which are
capable of sufficiently increasing the diameters of hollow
portions of links and capable of reducing a backlash as
far as possible.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a view showing a robot in accordance with
an embodiment.

Fig. 2 is a view showing a joint unit provided in a
wrist unit of the robot shown in Fig. 1.

Fig. 3 is an explanatory view taken along line IlI-1lI
inFig. 2, showing the positional relationship between
a wrist frame and a motor.

Fig. 4 is an explanatory view taken along line IV-IV
in Fig. 2, showing a speed reducer employed in a
joint mechanism according to the embodiment.

DESCRIPTION OF THE EMBODIMENT

[0009] An embodiment of a joint mechanism and a ro-
bot disclosed herein will now be described in detail with
reference to the accompanying drawings. The present
disclosure is not limited to the embodiment to be de-
scribed below.

[0010] First, a robot 1 in accordance with the present
embodiment will be described with reference to Fig. 1.
In the following description, an X-axis and a Y-axis or-
thogonal to each other are defined as being parallel to
an installation surface (e.g., a horizontal surface) on
which the robot 1 is installed. A Z-axis is defined as being
normal to the installation surface.

[0011] In the present embodiment, the robot 1 is, e.g.,
an articulated robot. As shown in Fig. 1, the robot 1 in-
cludes a base 11, a body unit 12 arranged on the base
11, an arm unit 13 connected to the body unit 12 and a
wrist unit 14 arranged at the tip end of the arm unit 13.
[0012] The base 11 is fixed to an installation surface
through a seat portion 11a. The body unit 12 is arranged
on the base 11 to horizontally rotate about a vertical axis
(the Z-axis in Fig. 1). The body unit 12 is horizontally
rotated by the operation of a motor unit 20.

[0013] The arm unit 13 connected to the body unit 12
includes a first arm 131 and a second arm 132 as a plu-
rality of links. The first arm 131 and the second arm 132
are rotatably connected to each other by a joint unit.
[0014] Thatis to say, the first arm 131 is connected to
the body unit 12 through a first joint unit 2a to swing in
the front-rear direction (the Y-direction). The second arm
132 is connected to the tip end portion of the first arm
131 through a second joint unit 2b to swing in the up-
down direction (the Z-direction). The first joint unit 2a for
swinging the first arm 131 is provided with a first motor
unit 21. The second joint unit 2b for swinging the second
arm 132 is provided with a second motor unit 22.
[0015] The wrist unit 14 includes a first wrist 71 and a
second wrist 72 as a plurality of links. The first wrist 71
and the second wrist 72 are rotatably connected to each
other by a joint unit. A wrist frame 710 of the first wrist
71 includes a base end portion connected to the tip end
of the second arm 132 of the arm unit 13 through a third
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joint unit 2¢ to rotate about its rotation axis and a tip end
portion formed into a bifurcated shape.

[0016] A cable 8 or the like is arranged within the wrist
frame 710 (see Figs. 2 and 3). An additional cable 80
including a hose or the like extends through a central
space of the first wrist 71 along the longitudinal direction
of the second arm 132. Then, the cable 80 or the like
passes through a below-mentioned hollow portion 53 of
the second wrist 72 (Figs. 2 to 4).

[0017] In the meantime, the second wrist 72 is formed
into a substantially cylindrical shape and is connected to
the tip end portion of the bifurcated wrist frame 710 of
the first wrist 71 to swing about a swing axis (e.g., in the
Z-direction in Fig. 1) by a fourth joint unit 2d. The second
wrist 72 rotates about its rotation axis by a fifth joint unit
2e arranged therein.

[0018] As shown in Fig. 2, the fourth joint unit 2d in-
cludes a speed reducing mechanism 9 arranged in the
second wrist 72, a swinging motor (not shown) and a
power delivery mechanism. The swinging motor can be
installed at the base end of the bifurcated portion of the
first wrist 71 and is operatively connected to the speed
reducing mechanism 9 through the power delivery mech-
anism such as a drive shaft, a gear mechanism or a belt
mechanism.

[0019] As shown in Fig. 2, further, the second wrist 72
is connected to the first wrist 71 and rotates about its
rotation axis by the fifth joint unit 2e. The fifth joint unit
2e is arranged within the second wrist 72 as a driven
member. The joint mechanism 3 in accordance with the
present embodiment is installed in the fifth joint unit 2e.
[0020] Next, the joint mechanism 3 provided in the fifth
joint unit 2e for rotating the second wrist 72 about its
rotation axis will be described in detail with reference to
Figs. 2 to 4.

[0021] As shown in Fig. 2, the joint mechanism 3 in-
stalled in the fifth joint unit 2e includes a motor 4 and a
speed reducer 5 for reducing the rotation speed of the
motor 4 at a predetermined speed reduction ratio. The
motor 4 is installed to extend along the longitudinal di-
rection of the wrist unit 14 and is arranged inside the
bifurcated tip end portion of the wrist frame 710.

[0022] The motor 4 includes a motor shaft 41 support-
ed by a bearing 42. The motor shaft 41 extends toward
the second wrist 72. The motor shaft 41 is provided with
a hypoid pinion 61 at the tip end thereof. A body unit of
the motor 4 has a general structure which includes a sta-
tor fixed to an inner surface of a case and a rotor rotatably
installed with a specified gap left between the rotor and
the stator.

[0023] As shown in Fig. 4, the speed reducer 5 oper-
atively connected to the motor 4 is formed into a hollow
structure having a hollow portion 53. More specifically,
the speed reducer 5 includes a ring-shaped gear 52 pro-
vided with a plurality of cam followers 52a corresponding
to gear teeth arranged in the outer periphery of the ring-
shaped gear 52 and a screw-shaped input shaft 51 con-
figured to deliver the power of the motor 4 to the ring-
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shaped gear 52.

[0024] The screw-shaped input shaft 51 includes a
shaft body 51b and a screw portion 51a formed on the
shaft body 51b. The screw portion 51a serves as a cam
member which moves the cam followers 52a to rotate
the ring-shaped gear 52 about its own axis. A hypoid gear
62 is arranged at one end of the screw-shaped input shaft
51. The hypoid gear 62 meshes with the hypoid pinion
61 arranged in the motor shaft 41.

[0025] The screw-shaped input shaft 51 has an axis A
which three-dimensionally intersects the motor shaft 41
at a right angle. Specifically, the speed reducer 5 is ar-
ranged such that the motor shaft 41 is positioned closer
to the ring-shaped gear 52 than the center of the screw-
shaped input shaft 51 and such that the axis of the screw-
shaped input shaft 51 three-dimensionally intersects the
motor shaft 41 at a right angle. Accordingly, as shown in
Fig. 4, the screw-shaped input shaft 51 and the motor
shaft 41 are offset by a distance D, and the motor 4 can
be offset by the distance D closer to the hollow portion
53 of the speed reducer 5.

[0026] That is to say, as shown in Fig. 3, the motor 4
can be arranged as close to the wrist frame 710 as pos-
sible without protruding from a desired region 100. The
region 100is, e.g., acircularregion which accommodates
the outermost periphery of the wrist unit 14 and which
has a specified diameter.

[0027] In the ring-shaped gear 52 meshing with the
screw-shaped input shaft 51, the axis of the hollow por-
tion 53 three-dimensionally intersects the screw-shaped
input shaft 51 at a right angle. Specifically, the screw-
shaped input shaft 51 and the ring-shaped gear 52 have
aconfiguration like a worm gear. The screw-shaped input
shaft 51 corresponds to a worm and the ring-shaped gear
52 corresponds to a worm wheel.

[0028] With the aforementioned configuration, the ro-
tation of the motor 4 is delivered to the speed reducer 5.
Accordingly, the second wrist 72 rotates aboutits rotation
axis with the speed thereof reduced at a predetermined
speed reduction ratio. Specifically, the rotation of the mo-
tor 4 is delivered from the motor shaft 41 to the hypoid
pinion 61, the hypoid gear 62, the screw-shaped input
shaft 51 and then the ring-shaped gear 52. Thus, the
second wrist 72 rotates about its rotation axis. In this way,
the input route of the power of the motor 4 to the second
wrist 72 is changed at two stages by the hypoid pinion
61 and the hypoid gear 62 and by the screw-shaped input
shaft 51 and the ring-shaped gear 52.

[0029] The speed reducer 5 according to the present
embodiment is provided with the ring-shaped gear 52
having the hollow portion 53. For that reason, ifthe speed
reducer 5 is disposed at the tip end of the wrist unit 14
of the robot 1, it becomes possible to obtain a sufficient
diameter of the hollow portion (the hollow bore) while
maintaining the positioning accuracy of the axis of the
wrist unit 14.

[0030] As described above, in the ring-shaped gear
52, the members corresponding to the gear teeth mesh-
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ing with the screw-shaped input shaft 51 are formed of
the cam followers 52a. For that reason, it is possible for
the ring-shaped gear 52 to suppress generation of a
backlash as far as possible. Accordingly, the robot 1 can
realize precise and accurate motion of the wrist unit 14.
[0031] As the speed reducer 5 having the same con-
figuration as described above, it is possible to appropri-
ately use, e.g., a Roller Drive (registered trademark).
[0032] As described above, the joint mechanism 3 in
accordance with the present embodiment is installed in
the rotating link, e.g., the second wrist 72. More specifi-
cally, the rotation of the motor 4 is inputted through the
hypoid pinion 61 attached to the tip end of the motor shaft
41 and the hypoid gear 62 attached to the screw-shaped
input shaft 51 serving as an input shaft of the speed re-
ducer 5.

[0033] Accordingly, the rotation of the motor 4 is deliv-
ered to the speed reducer 5 with the speed thereof first
reduced by the hypoid pinion 61 and the hypoid gear 62.
This makes it possible to reduce the size of the speed
reducer 5. Thus, the speed reducer 5 can be arranged
within the second wrist 72, which makes it possible to
reduce the size of the wrist unit 14 of the robot 1.
[0034] By employing the hypoid pinion 61 and the hy-
poid gear 62, the direction of the screw-shaped input
shaft 51 of the speed reducer 5 can be changed to a
direction perpendicular to the motor shaft 41. According-
ly, as shown in Fig. 2, it is possible to dispose the motor
4 along the longitudinal direction of the wrist unit 14 and
to install the speed reducer 5 within the second wrist 72.
This makes it possible to further reduce the size of the
wrist unit 14 of the robot 1.

[0035] Since the motor 4 can be disposed adjacent to
the second wrist 72, it is possible to directly deliver the
power of the motor 4 from the motor shaft 41 to the speed
reducer 5. Therefore, there is no need to install a drive
shaft or other drive gears between the motor 4 and the
speed reducer 5. This can make contribution to the re-
duction of the number of parts and the reduction of
weight.

[0036] As described above, according to the joint
mechanism 3 of the present embodiment, it is possible
to increase the degree of freedom of design while real-
izing the size reduction of the speed reducer 5. This helps
reduce the size of the wrist unit 14.

[0037] In the aforementioned embodiment, the joint
mechanism 3 is used in driving the second wrist 72 of
the wrist unit 14. Alternatively, the joint mechanism 3 ac-
cording to the present embodiment may be applied to,
e.g., the second joint unit 2b shown in Fig. 1. In this case,
if the second arm 132 is formed into a hollow structure,
itis possible to secure a hollow bore communicating with
the hollow structure and to dispose a cable or the like
within the second arm 132.

[0038] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
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the scope of the appended claims or the equivalents
thereof.

Claims
1. A joint mechanism, comprising:

a motor including a motor shaft and a hypoid
pinion provided at a tip end of the motor shaft;
and

a speed reducer configured to reduce a rotation
speed of the motor at a speed reduction ratio,
the speed reducer including a screw-shaped in-
put shaft and a ring-shaped gear meshing with
the screw-shaped input shaft and three-dimen-
sionally intersecting the screw-shaped input
shaft at a right angle, the screw-shaped input
shaft including a shaft body provided with a
screw portion and a hypoid gear arranged atone
end of the screw-shaped input shaft and config-
ured to mesh with the hypoid pinion, the screw-
shaped input shaft having an axis three-dimen-
sionally intersecting the motor shaft at a right
angle.

2. A robot comprising the joint mechanism of claim 1.

3. The robot of claim 2, further comprising a rotatable
link configured to rotate by the joint mechanism.

4. The robot of claim 3, wherein the joint mechanism
is installed in the rotatable link.

5. The robot of claim 3 or 4, further comprising an arm
unit which has a plurality of links serially connected
to each other, and a wrist unit installed at an end
portion of the arm unit, wherein the rotatable link is
the wrist unit connected to the arm unit by the joint
mechanism.
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